Introduction
Malaria is one of the most widespread diseases in the world, especially in the tropical and subtropical regions [1] .
It is one of the most important vector borne diseases and public health problems in Iran. The disease is endemic in the southeast of country with two seasonal peaks mainly in spring and autumn. According to the report of Iranian
P E E R R E V I E W A B S T R A C T K E Y W O R D S
Anopheles, Larval habitats, Malaria, Bashagard, Iran
Objective: To determine the effects of environmental characteristics of larval habitats on distribution and abundance of anopheline mosquitoes in Bashagard county, a malarious area in southeast of Iran. Methods: Larvae were collected monthly using the standard dipping method and identified using a morphological-based key. Environmental characteristics of the larval habitats were recorded. Water samples were taken from habitats during larval collection for physico-chemical characterization. Statistical The most common larval habitats were natural and clear water bodies such as riverbeds with sandy substrates and still water. Furthermore, the anopheline larvae were abundant in permanent and full sunlight habitats without vegetation and algae. Larval density was positively correlated with water temperature. Chemical characteristics including conductivity, total alkalinity, sulphate and chloride had significant effects on distribution and abundance of anopheline species. Conclusions: The result of this study indicates a correlation between some environmental characteristics and anopheline larvae abundance which can be considered for effective planning and implementing malaria elimination program in Iran.
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Ministry of Health and Medical Education, the annual malaria cases have been reported from 66 075 to 3 000 during [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] , indicating the sharp decline of disease which has led World Health Organization to categorize Iran in the elimination phase [1, 2] . The national malaria strategic plan has recently set goals to reduce local malaria transmission by taking strategies targeting vector control through indoor residual spraying, distribution of long lasting insecticidal nets and application of larvicides. In this regard, Iran is aiming to eliminate Plasmodium falciparum by 2015 and to become malaria-free by 2025 [2, 3] . In many parts of the world, larval control through source reduction and routine application of larvicides is considered as a key intervention in eradicating malaria [4] . Larval control measures are intended to reduce malaria transmission by preventing propagation of mosquito vectors and subsequently reducing human vector pathogen contacts [5, 6] . Control of larval mosquito populations is often advantageous because the larvae are usually concentrated, relatively immobile, and often readily accessible. Moreover, mosquito larvae unlike adults cannot change their habitat to avoid control activities [6] .
Several environmental characteristics affect larval density which may influence the development and survival rate of the malaria vector larvae. These characteristics include climate, physical and chemical conditions of the aquatic habitats, vegetation type, and biological characteristics [7, 8] .
Finding of local change in environmental characteristics of anopheline larval habitats can help in conducting suitable vector control programs [9, 10] .
Bashagard is a malaria endemic focus in the southeast of Iran where local transmission occurs every year. Mosquito larval control measures, consisting of regular application of Bacillus thuringiensis and environmental management are important activities of malaria control programme in this county. Five anopheline species including: Anopheles stephensi (An. stephensi), Anopheles dthali (An. dthali), Anopheles culicifacies (An. culicifacies), Anopheles fluviatilis (An. fluviatilis) and Anopheles superpictus (An. superpictus) are widespread and constitute the malaria vectors in this area [11] . Understanding the larval ecology of these vectors is of particular importance for monitoring and control of malaria in this county. Knowledge of larval vector ecology is a key factor in risk assessment and establishment of effective control measures, because the most effective method for controlling vector populations is to control the larvae in their aquatic habitats before they emerge as adults [12] .
The aim of this study was to determine the environmental characteristics of anopheline larval habitats and their potential influence on the distribution and abundance of malaria vectors in Bashagard county, southeast of Iran. The results of this study will provide information that would help in planning and implementing an effective program for larval control by the National Malaria Control Program in the country.
Materials and methods

Study area
The study was done in Bashagard It is an underdeveloped area with majority of the population living in straw houses on hills and foot-hills, close to rivers. Socio-economic condition of villagers is poor and they solely depend on livestock herding. In the study area, natural earth dams block the water flow and create suitable places for mosquitoes breeding. Malaria is a major public health problem in Bashagard which occurs year-round with peaks after the two annual rainy seasons (April-June and October-December) [3] .
In this study, 11 villages were selected based on similarity in ecology and human population densities as fixed places for anopheline larval collection. The study villages had exhibited documented consistent endemic malaria transmission [3] .
Larval sampling and identification
Anopheline larvae were collected form selected villages monthly for a period of 12 months from September 2009 to August 2010. In each village, all larval habitats present in and within a 500-m radius of the village were sampled for anopheline larvae using a standard 350 mL capacity mosquito dipper or a white plastic pan with the same capacity according to WHO procedures [13] . When mosquito larvae were present, 10-30 dips were taken depending on the size of each larval habitat at intervals along the edge. In small breeding places where dippers were not effective, larval collection was performed using plastic pipettes. Samplings were always done by the same individual in the morning (08:00-12:00 h) or afternoon (14:00-17:00 h) for about 30 min at each larval habitat. All third and fourth instars of anopheline larvae were passed though a 100 mesh sieve and preserved in lacto-phenol. In the laboratory, each larva was individually mounted in Berlese's medium on a microscope slide and identified to species by morphological characters [14, 15] .
Characterization of larval habitats
Environmental characteristics of each larval habitat were measured and recorded during the larval collection. Environmental data which were determined in this study included habitat hydrological variables and water physicochemical characteristics. The habitat hydrological variables including intensity of light, being natural or artificial, water current, vegetation covering, the presence of algae, substrate type, and permanence of the habitat were recorded. Light intensity was visually categorized as full sunlight, partial sunlight and shade. The substrate type was categorized as mud, sand and gravel. Habitats were categorized as artificial or natural.
For analysis of physico-chemical characteristics, water samples were collected from different habitats in 1 000 mL polyethylene bottles and transferred to laboratory with cold boxes. Cold boxes were used for transportation of water samples to the laboratory for analysis. The samples were analyzed for conductivity, total alkalinity, turbidity, total dissolved solid (TDS), pH and ions such as chloride, sulphate, calcium, and magnesium. Water temperature, pH, and turbidity were determined using thermometric, potentiometeric, and nephelometric methods, respectively. Alkalinity and total hardness were determined via titration while wonductivity and TDS were measured using spectrophotometric technique. Spectrophotometer Hach DR2800 ® was used for measurement of sulphate and chloride while calcium and magnesium were measured using Flame Atomic Absorption Spectrometry. Water quality chemical indicators were measured according to the standard methods for the examination of water and wastewater, as described by Eaton et al [16] .
Statistical analysis
The data were analyzed using SPSS Ver. 16 . Means comparison and one-way analysis of variance (ANOVA) tests were used for analyzing the variation in larval densities among habitat types and environmental factors of habitat characteristics. Larval densities were calculated as number of larvae per 10 dips. Pearson correlation analysis was used to assess the relationship between physico-chemical characteristics of the larval habitats and larval densities. For each of physico-chemical characteristics, simple correlation between larvae abundance and individual characteristics were first checked and only significant associations further analyzed by step-up multiple logistic regressions to determine the best predictor variables associated with relative abundance of the anopheline larval species.
Results
Species composition of anopheline larvae
The results of monthly larval collection showed that the varied densities of the anopheline larvae vary markedly with the minimum in January and maximum in April (Figure 1 An. culicifacies was the most common and predominant species, being distributed in a wide range of habitats and widespread across the studied area whereas An. stephensi was the least abundant and found in seven villages (Table 1) .
The mean larval density differed significantly between villages (P<0.05). The least and the most anopheline larval mean density were (12.8依2.29) and (37.40依3.66) larvae/10 dips in Islamabad and Daranar villages, respectively.
An. culicifacies Giles s.l. was collected throughout the year except of March. This species was collected in 77.2% of larval habitats including natural breeding sites in riverbeds with sandy substrates and still water. Permanent and clear water bodies in full sunlight without vegetation and algae were preferred by An. culicifacies (Table 2 ). This species was found with An. dthali, An. superpictus, An. stephensi An. moghulensis and An. turkhudi in larval habitats (Table 1 ).
An. dthali Patton was collected throughout the year and found in 69.3% of habitats. The most common larval breeding sites for this species were usually natural riverbeds with clear water in full sunlight, without vegetation and algae. This species also preferred permanent habitats characterised by still water and sandy substrates. An. dthali larvae were associated with An. culicifacies, An. superpictus, An. stephensi, An. moghulensis and An. turkhudi (Table 1 ).
An. superpictus Grassi was distributed in the study area and was collected from 32.5% of larval breeding habitats including permanent habitats in riverbeds mostly without vegetation and algae. This species also preferred still and clear water with full sunlight and sandy substrates (Table 2 ). This species was not found in February and September. An. superpictus was found to be accompanied by An. culicifacies, An. dthali, An. stephensi, An. moghulensis and An. turkhudi (Table 1 ).
An. stephensi Liston was found abundantly in natural habitats, especially in riverbeds with sandy substrates. Permanent and clear water in full sunlight without vegetation and algae was the most common habitat for this species (Table 2 ). An. stephensi larvae were collected from 28.7% of habitats and associated with An. culicifacies, An. dthali, An. superpictus, An. moghulensis, and An. turkhudi (Table 1 ). This species was collected throughout the year during the study period.
An. moghulensis Christophers, a non-vector species, was collected from 62.3% of habitats and accompanied with An. culicifacies, An. dthali, An. superpictus, An. stephensi, and An. turkhudi (Table 1 ). As shown in Table 2 , this species oviposits more in riverbeds with permanent and still water than in other water. An. moghulensis was collected monthly during the study period.
An. turkhudi Liston, another non-vector species, was collected from 21 .2% of larval habitats only in July and September. It was mainly associated with An. culicifacies, An. dthali, An. superpictus, An. stephensi, and An. moghulensis (Table 1 ). Environmental characteristics of larval habitats for An. turkhudi are presented in Table 2 .
Environmental characteristics of larval habitats
During this study 44 different types of habitats in the eleven villages were investigated, of which 81.8% (36) were found to be positive for anopheline larvae. Distribution of Anopheles larvae collected from various habitats is shown in Table 2 .
Permanent and natural habitats with still and clear water in full sunlight were the most productive breeding sites for the anopheline species (Figure 2) . Moreover, lack of vegetation and algae was significantly associated with larval density in the studied habitats (P=0.002). The mean water temperature was variable among different larval habitats ranging from 23.1-27.2 °C and it was positively correlated with larval density (r=0.15, P<0.01) (Table 3) .
Results concerning the chemical characteristics of the larval habitats showed that larvae of all anopheline species had been collected from water bodies with mean pH ranging from 7.1 to 8.6, mean total alkalinity ranging from 142.6 to 523.2 mg/L, and mean conductivity ranging from 941.3 to 2421.6 µS/cm. In addition, sulphate and chloride ions in water samples showed considerable variation (Table 3) . There was an average sulphate and chloride content of 166.5-485.8 mg/L and 63.5-231.2 mg/L, respectively. Analysis of the correlation between chemical characteristics of larval habitats and mean density of anopheline larvae revealed that pH (r=0.2, P<0. 02), total alkalinity (r=0.14, P<0.02), conductivity(r=0.32, P<0.03), chloride (r=0.12, P<0.01) and sulphate (r=0.18, P<0.02) had significant effects on larval density. These characteristics were found to be the key factors which are associated with occurrence and abundance of anopheline larvae species.
In this study, the rest measured chemical characteristics such as calcium, magnesium, TDS and total hardness differed between larval habitats but these parameters were not significantly associated with larval density.
Discussion
During this study, four out of the eight known malaria vector species in Iran, including An. stephensi, An. culicifacies, An. dthali and An. superpictus were collected.
An. stephensi is considered to be the primary vector and other species, An. dthali, An. culicifacies and An. superpictus, play the main role as secondary vectors in the south and south-east of country [17] [18] [19] . The most abundant anopheline larvae were An. culicifacies, An. moghulensis, An. dthali, An. superpictus, An. turkhudi and An. stephensi, respectively. These species were reported previously from the area [11, 20] . Anopheline species were abundantly collected from riverbeds in natural habitats. These habitats are permanent with still and clear water in sunlight, making conditions suitable for the development of anopheline mosquitoes. The study area has a dry and hot climate with low level of seasonal precipitation. Therefore, the rivers in most of the times have low levels of still and clear water which creates favourite conditions for mosquitoes breeding. Our results are similar to HanafiBojd et al., demonstrating that riverbeds in natural habitats with still and clear water are important larval habitats for anopheline mosquitoes [20] .
Our findings showed that An. culicifacies and An. dthali co-exist and breed in different habitats. These observations are consistent with previous investigations which showed that these larval species share the same habitats with varied environmental characteristics [20] . The frequent occurrence of An. culicifacies and An. dthali in habitats with different physico-chemical characteristics may mean that their life is adaptable to a wide range of environmental conditions. In the current study, the mean water temperatures in larval positive habitats ranged from 23-28 °C . The results showed that two most commonly collected species including An. culicifacies and An. dthali had the widest range of observed water temperatures, indicating that species which use open habitats can show a wider range of tolerance against habitats water temperature. Moreover, there was a positive correlation between habitats temperature and the larval density. It is because higher temperatures can be detrimental to the presence of many other aquatic arthropods, including predators which subsequently increases the survivorship of anopheline larvae [21] . Similarly, studies conducted by Russell and Rao in India show that mosquito larvae of An. culicifacies normally found in sunny habitats. They also stated that egg-laying female An. culicifacies may be quite sensitive to light conditions, which may lead to the differential larval distribution [22] .
Water movement in habitats was also important in species distribution. The results showed that, anopheline larvae were abundantly collected from still waters. All of these habitat types were previously reported from elsewhere in the country [8, 23] .
Similar observation in Eritrea and Ethiopia confirms that stagnate and clear water is preferred by An. gambiae s.l. as larval habit [22, 24, 25] . The main reason for the high abundance of anopheline larvae in still waters may be that still waters provide favourite situations in which larvae can stay close to the surface with their spiracle open to the air for breathing. Moreover, high water current and flooding is detrimental to Anopheles larval survival as a result of the physical harm to the larvae and reduction in their oxygen tension [26] .
In agreement with previous studies which have shown that chemical characteristics such as sulphate, chloride, alkalinity and conductivity may affect survival and breeding activity of the anopheline mosquitoes [27] [28] [29] . The present study clearly indicated a significant relationship between chemical characteristics such as pH, total alkalinity, conductivity, chloride, sulphate and mosquito distribution and abundance. The results showed that anopheline larvae were abundantly collected from water bodies with mean pH ranging from 7.1 to 8.6 . It has previously been demonstrated that mosquito larvae favoured a neutral pH or slightly alkaline environment [30] . The results of another study also showed that pH levels of anopheline larval habitats are close to the neutrality [20] . Moreover, the results of a more recent investigation by Soleimani-Ahmadi et al., emphasizes that the favourable pH for the majority of anopheline mosquitoes ranges between 8-8.5 [8] . The alkaline tendency of anopheline larvae have been previously reported from Ghana, Ethiopia, Sri Lanka, China and India [4, 25, 27, 29, 31] . It may be concluded that larvae of anopheline species mostly prefer habitats with neutral to slightly alkaline environments.
In the present study, although chemical parameters such as calcium, magnesium, TDS, and total hardness were different in habitats, they had no significant effect on anopheline larval density. The difference of such chemical parameters in larval habitats may be due to the soil particles chemical characteristics and edaphic factors in the area. It seems further studies are required to investigate the influence of these parameters on development and abundance of anopheline larvae.
In the field studies which conducted under natural conditions it was suggested that biotic and physicochemical factors could have played an important role in the development of mosquito larvae in their habitats [32, 33] . In addition to measured chemical characteristics of larval habitats in this study, it is thought that other factors such as phosphate, nitrate, dissolved oxygen, biochemical oxygen demand, better to measure due to their influence immature mosquito population. Moreover, we did not control some confounders such as nutrients of the water, predators, pathogens, and plant odours which could have affected anopheline mosquito larvae abundance and distribution. In addition to environmental parameters which were considered in this study, factors such as differential survivorship of larvae, adaptive differences of adult females and their oviposition behaviour may affect the abundance and distribution of anopheline larvae.
In conclusion, the current study demonstrates the diversity and abundance of larval habitats and their significance for anopheline larval production and development in Bashagard couny. It was found that much of the larval production goes on in the natural and permanent habitats such as riverbeds and chemical characteristic such as pH, total alkalinity, conductivity, chloride and sulphate were found to be the key factors determining the occurrence and abundance of anopheline larvae in the habitats. These habitats are responsible for continuous production of the adult vectors throughout the year.
Since most of the anopheline species encountered are potential vectors of malaria, results of the present study provide a basis for appropriate management of larval habitats which may help in suppression of vector density, and consequently, malaria transmission in the study area. Furthermore, these finding could be useful in planning and implementing larval control programs and elimination of malaria in Iran 
Comments
Background
Malaria is the most important mosquito-borne disease in Iran. It is endemic in south to southeastern part of the country. Bashagard is an endemic area for malaria in south of Iran and local transmission occurs in this district. Larval control through larviciding with Bacillus thuringiensis and surface water management is one of the intervention methods for malaria vector control in this area. Knowledge about bio-ecology of vectors will support authorities for appropriate management of the disease.
Research frontiers
This study is performed to determine the effects of environmental parameters of larval habitats on distribution and abundance of anopheline mosquitoes in Bashagard county, a malarious area in southeast of Iran. Knowledge about ecology of malaria vectors provides information to health sector for effective control programs.
Related reports
The results of this study are in agreement with Shililu et al. (2003) study in Eritrea, which showed that still waters were the main larval habitats for anopheline mosquitoes. In addition, this finding confirm the results of Liu et al.( 2012) study which showed chemical characteristics such as sulphate, chloride, alkalinity and conductivity may affect survival and breeding activity of the anopheline mosquitoes.
Innovations and breakthroughs
T h i s i s t h e f i r s t t i m e t h a t s p e c i a l c h e m i c a l characteristics of anopheline mosquito larval habitats and their relationship with distribution and abundance of anopheline species in the studied area is being considered.
Applications
Since most of the anopheline species encountered are potential vectors of malaria, results of the present study provide a basis for appropriate management of larval habitats which may help in suppression of vector density, and consequently, malaria transmission in the study area.
Peer review
This is a valuable research work in which authors have investigated the correlation between some environmental characteristics of anopheline larval habitats including intensity of light, water current, vegetation situation, the presence of algae, substrate type, water conductivity, total alkalinity, turbidity, total dissolved solid, pH and ions such as chloride, sulphate, calcium, and magnesium and anopheline larvae abundance, which can be considered for effective planning and implementing malaria elimination program.
